Pulmonary hypertension (PH) is a complex disorder and may be related to a variety of diseases. It may arise in association with chronic thromboembolic pulmonary hypertension (CTEPH) or pulmonary embolism (PE). Knowledge of the radiological features is required to characterize and accurately diagnose the conditions and may improve the outcome. This study was designed to evaluate the clinical characteristics and the computerized tomography angiography findings in patients with PH, PE and CTEPH. Contrast-enhanced CT scans were acquired in 55 Sudanese patients with PE, 20 patients with PH, 25 patients with CTEPH and 50 normal subjects who were considered as control group. The CT diagnostic criteria for all cases were characterized. The clinical signs, parenchymal abnormalities, pulmonary tree and cardiac segments in all groups were characterized and compared with the control group. The results showed that the most common clinical characteristics were found to be chest pain, dyspnea, lower limb swelling, tachycardia and syncope which were correlated significantly with the presence of the disease. In all patients groups, the pulmonary vascular segments, cardiac segments and lung parenchyma changes were detected and were significantly different from the normal control subjects at p ≤ 0.01. It was found that CT angiography has a significant role in the diagnostic evaluation of these groups of patients. CT imaging is acceptably used in diagnosis, defining cause, quantifying heart segments and parenchyma changes in order to assess the feasibility of surgery, monitoring and therapeutic planning.
Introduction
Pulmonary hypertension (PH) is a complex disorder [1] . Definition of PH is based on shared pathophysiology that categorizes many classes of PH: pulmonary arterial hypertension (PAH), which may be idiopathic (IPAH) or associated with left heart disease; or lung disease in association with chronic thromboembolic pulmonary hypertension (CTEPH) [2] . In patients with PAH, progressive narrowing of the small pulmonary arteries and arterioles results in increased pulmonary vascular resistance, which may ultimately lead to right ventricular failure. Vasoconstriction and thrombosis in situ are factors rising vascular resistance [3] .
According to the diagnostic approach to PH that was proposed in 1997 by Reaside and Peacock [4] , the ability to differentiate CTEPH and primary PH relies on computed tomography (CT), which enables recognition of chronically obstructed vessels [5] - [11] . The occurrence of CTEPH in the general population may have been significantly underestimated. Recent epidemiologic records specify an incidence of 4% after acute symptomatic pulmonary embolism (PE) [12] [13] . The growing number of patients undergoing chest CT who might have PE is an increasingly common finding on chest CT images [14] . Symptoms are non-specific and are related to the progress of PH. The vascular obstruction is a most important character of PH. In the majority of symptomatic patients, more than 40% of the pulmonary vascular bed is obstructed [15] [16] . Patients with CTEPH are asymptomatic before their presentation with symptoms [15] - [18] . The clinical worsening corresponds to the loss of right ventricular functional capability. In these patients, pulmonary arterial pressure is elevated and right atria pressures are high [16] .
Therefore early and appropriate diagnosis and treatment are required; in this study, we evaluated the clinical characteristics, the CT findings in PH, PE and CTEPH patients. We have expressed the technique for CT angiography and the CT diagnostic criteria for all cases and correlated the findings with normal control. Knowledge of the radiological signs is required to detect and accurately diagnose the condition and may improve the outcome. In the current study the pulmonary artery tree, heart segments and associated lung parenchyma findings have been evaluated and the added value of CT in prediction of estimating PH comparing with the normal control group was analyzed.
Materials and Methods

Area and Duration of the Study
This study is a descriptive analytical study, it was done at Royal Care International Hospital and Doctor's Clinic Radiology Departments; Data were collected during the period from October 2013 to December 2015.
Study Population
A sample of 55 patients with clinically diagnosed as PE was enrolled, their mean ages were 54.20 ± 14.21 ranged from 28 -95 years old and a sample of 20 patients with PH, mean ages were 60.4 ± 13.96 ranged from 29 -75 years and 25 patients with CTEPH were enrolled, their mean ages were 61.24 ± 9.5 ranged from 47 -85 years old. 50 normal subjects were considered as control, their mean ages was 50.7 ± 14.5 ranged from 21 -76 years old. The sample included both genders; the total number of females were 92 (61.3%), female patients who were affected with PE = 37 (67.3%), PH = 10 (50.0%) and CTEPH = 11 (44.0%), the normal control constituting 34 (68.0%). Total number of male patients were 58 (38.7%) and who were affected with PE = 18 (32.7%), PH = 10 (50.0%) and CTEPH = 14 (56.0%) and the normal male controls constituting 16 (32.0%).
All were examined by using CT. Those were referred to CT examination were with clinical presentation including shortness of breath, chest pain, swallowing in legs. The selection criteria for PE and PH were those who were diagnosis were based on clinical findings. The normal control group was those who were scanned for CT angiography and their findings are without cardiac, pulmonary or lung parenchyma disorders. For the selection criteria of the CTEPH patients; the diagnosis is made principally through CT imaging findings and clinical setting. We considered the key feature of CTEPH is that: in the CTPA findings of CTEPH; the presence of thrombosis, occlusion, and post stenotic dilatation in the pulmonary arteries, changing of lung pattern, presence of collaterals and puluroparenchemal changes are considered the CT findings in CTEPH.
Exclusion criteria were non availability of medical records, or have contraindication of intravenous iodinated contrast. Verbal consent was firstly obtained from all potential participants. The aims, benefits of the present study were explained to all participants in details. Medical, history of all study subjects posing as (sample) were thoroughly reviewed directly from participants themselves and those with conditions that may in any way, alter the findings of the current study were excluded.
Instrumentation and Technique
Toshiba (64 multi-slice detector) in Royal Care International Hospital and Neo soft (64 multi-slice detector) in Doctor's Clinic.
CTA was obtained during spiral data acquisition, the entire area of interest was scanned during the injection of contrast. Images were captured when vessels are fully opacified to demonstrate either arterial or venous phase enhancement through the acquisition of both data sets (arterial and venous). A ROI (region of interest) is positioned over the pulmonary artery at the level of the carina. After commencing the injection a (tracker scan) Hounsfield level at the ROI was monitored and the scan is the triggered when the density at the ROI reaches a preset value. Detector width-reconstruction/(mm) = 0.625 -1.25. Scan direction and extension-caudal-cranial direction scan from hemi diaphragm to the lung apex. Imaging review and post-processing, imaging should be reviewed at three setting: Mediastinal window (window width-window level (400 -40 HU), Pulmonary embolism-specific window (700 -1000 HU), Lung window (l500 -600 HU). Patients were instructed on breath-holding techniques. Collimation (1 -2 mm), Table speed (2 -4 mm/sec), Gantry rotation time (ms) = 330 -420 mm/sec, Tube voltage/(KV) = 120 kv, Tube current time product/(mAs) = 125 mAs, Normal pitch/(mm) = 0.9, Reconstruction slice thickness/(mm) = 0.6. CT angiography contrast parameters for pulmonary artery: Concentration (mg iodine/ml) = 350 -400, Injection Rate (ml/s) = 3 ml/sec, Volume/(ml) = 60 -120 ml, Delay (s) = 12 sec Saline chaser (ml, ml/s) = 30, 3.0.
Image Analysis
1) Pulmonary artery:
The widest short axis diameter of the main pulmonary artery at the level of carina and the transverse diameter of the right and left main pulmonary branches as well as the distal portions on the same image slice were measured.
2) Right ventricle: The right ventricular cavity was measured in the axial plane at their widest points between the inner surfaces of the free wall and the interventricular septum; where the interventricular septal configuration was measured in (mm).
4) Right atrial:
The right atrial diameter was measured on the axial mid-chamber view that showed the centre of tricuspid annulus and the superior right atrial wall.
Results and Discussion
Evaluation of patients with suspected pulmonary hypertension requires proper investigations to confirm the diagnosis, clarify and determine the specific cause. Thus, evaluating patients with pulmonary hypertension involves four steps: suspicion, detection, classification and functional evaluation [19] . Suspicion including symptoms and conditions which are associated with a risk for developing pulmonary hypertension. Early detection of pulmonary hypertension is vital for appropriate treatment [20] - [22] . Classification with a systematic approach to determine its cause to rule out the more common clinical groups of pulmonary hypertension such as left-sided heart disease, lung disease, and chronic thromboembolic pulmonary hypertension (CTEPH). CTEPH is often has been misdiagnosed because patients present with nonspecific symptoms. Knowledge of the radiologic imaging signs is required to detect and accurately diagnose the condition. Because CTEPH is potentially curable with pulmonary thromboendarterectomy, early recognition may improve the outcome [23] therefore our study was obtained to characterize patients with PE, PH and its complications. Thus the following tables presented the results of the characterization of the cardiac segments, pulmonary changes in PH, PE and CTEPH.
Our sample demonstrate that the patients affected with PH after affected with PE were 25 patient with the most affected ages were between 51 -60 years constituting 11 (44.0%), where those who were affected with PE only were 18 (32.7%) for the same age group however the PH percentage were distributed in all group of ages between 21 years and ages ˃ 71 years old. This was presented in Table 1 .
Classification of patients according to their complaints has been studied as seen in Table 2 . Studies have mentioned that patients with CTEPH may be asymptomatic for several years before their presentation with symptoms such as dyspnea, atypical chest pain, tachycardia and syncope. The clinical deterioration parallels the loss of right ventricular functional capacity [15] - [18] . Our study evaluated all of the clinical and radiological findings in patients with PH, PE and CTEPH.
The main clinical finding was chest pain. In PE patients; leg swelling was found in only 2 (3.6%) of the cases, it is important to acknowledge a history of deep vein thrombosis (sign: as lower limb swelling) as an element that can guide the diagnosis, but it lacks sensitivity. Previous studies had mentioned that many patients with CTEPH haven't had a documented DVT [24] [25] . Patients monitored for pulmonary hypertension of another cause may exhibit symptoms similar to those of CTEPH [26] this was similar to the findings of our study. Tachycardia and Syncope were also present with least frequencies.
The classic multidetector computed tomography pulmonary angiography (CTPA) findings of pulmonary hypertension were divided into three categories: vascular, cardiac, and parenchymal [27] . Table 3 presented classification of the sample according to the associated findings in the pluroparenchema and heart, and were presented in frequency and percentages and were cross tabulated with the type of disease. The current study mentioned that several pulmonary parenchymal findings are associated with PH, these findings include mosaic attenuation which is commonly seen in chronic pulmonary thromboembolic disease constituting 7 (28.0%), but also seen in [28] . In order to diagnose the CTEPH, CTPA features should be identified. We classify the features of chronic pulmonary thromboembolism as vascular signs or parenchymal signs. The vascular signs include direct pulmonary artery signs and signs due to pulmonary hypertension. The parenchymal signs include mosaic perfusion pattern, focal ground glass opacities. This method and findings was similar to the study done by Eva Castañer, et al. (2009) [14] . Pleural Effusion was seen with the highest score of percentage constituting 21 (38.2%) in PE cases.
Ground glass opacity was also been detected as a complication of PH in CTEPH. Similar previous studies have mentioned that the parenchymal signs as centrilobular ground-glass nodules are common in patients with pulmonary hypertension [29] however nodules are also seen in patients with other pulmonary capillary diseases [30] [31] . The occurrence of that appearance in our cases; is that the systemic perfusion of the peripheral pulmonary arterial bed accounts for the presence of isolated focal areas, this area was described in previous studies as ground-glass attenuation [6] [32]. Arakawa et al. [33] found direct evidence of airway obstruction-air trapping in patients with chronic pulmonary thromboembolism. Air trapping is commonly seen in areas of hypo perfusion due to chronic embolism. This is what our study perceived is that the most of the patients came with shortness in breathing in both PE and CTEPH as seen in Table 2 .
Consolidation scored the high frequency in both CTEPH and PE, cardiomegally constituting 6/25 (24.0%) of the CTEPH cases. The current study showed that 30% of patients with (PH) and 36% with (CTEPH) have abnormal right ventricle morphology and supposed that the hypertrophied right ventricle made it spherical shape and greater than the left ventricle. The justification of this fact is that the demand of the right ventricle for oxygen exceeds the available supply, causing chamber dilation that leads to tricuspid regurgitation, a result of tricuspid annular dilatation and incomplete valve closure, these processes eventually result in right-sided heart morphology changes, this process is described well is other related studies [23] [34] [35] . This was presented in Table 3 .
Pulmonary trunk diameter in PH patients and CTEPH was found to be larger than patients with (PE) and normal control. The maximum width were found to be 55 mm and 42 mm which were consistent with the diagnostic criteria of pulmonary hypertension, that was mentioned previously that the enlargement of the main pulmonary artery to a diameter of more than 29 mm occurs in the presence of pulmonary hypertension [18] regardless of the cause; such enlargement is a common finding in patients with chronic thromboembolic pulmonary hypertension [36] . The study also presented that the least effect on the main trunk diameter was found in cases of PE ( Table 4 ). The diameter of the main pulmonary artery is measured in the scanning plane of its bifurcation, at a right angle to its long axis, followed by measurements done for right and left main pulmonary arteries diameter. The normal value of main pulmonary trunk diameter was found to be 25.17 ± 3.33 mm measured for 50 normal Sudanese subjects. Several published studies provide different normative data. Edwards et al. reported that the mean pulmonary artery dimension was 27.2 mm (SD 0.6) in 100 Caucasian participants [37] . Karazincir et al. reported a mean diameter of the main pulmonary artery of 26.6 mm (SD 2.9) in 112 patients [38] . Kuriyama et al. reported a somewhat smaller mean pulmonary artery size of 24.2 mm (SD 2.2) in sample of Japanese origin [39] . The possible discrepancy may be due to the differences in race or CT technique [40] . It is important to emphasize that a diameter of less than 29 mm does not necessarily exclude pulmonary hypertension. In patients with mild pulmonary hypertension, the pulmonary artery may be only slightly dilated, and the findings in patients with (PH) may overlap with those in control subjects without PH [37] [41] . The diameters of the segmental pulmonary arteries should also been dilated in the presence of pulmonary hypertension [27] .
The maximum changes in diameter differs from the normal by 1.81 mm, 4.13 mm, 5.2 mm for the right main pulmonary artery diameter and 1.49 mm, 4.26, 4.56 mm left main pulmonary artery diameter in PE, PH and CTEPH respectively with the maximum changes detected in the PH cases (Table 4) , also changes were detected in both right and left distal pulmonary artery diameter with greater changes detected in PH and CTEPH. Another similar study has also mentioned that pulmonary enlargement typically seen in pulmonary hypertension and chronic thromboembolic pulmonary hypertension [42] .
Cardiac signs in PH are the adaptation and failure of the right side of the heart that may be seen as right ventricular hypertrophy, straightening or leftward bowing of the interventricular septum; right ventricular dilatation and other findings [43] - [46] . Therefore the heart segments of all of the study sample were also been evaluated including right atrium diameter, right ventricle diameter, interventriculer width, and myocardium thickening in all of the studied cases, these were presented in Table 4 . Our study measured the right atrium and right ventricle diameters, they were of largest values in patients affected with PH and CTEPH; mean diameter 60.31 ± 11.49, 57.42 ± 9.19 and 51.41 ± 6.34, 51.31 ± 5.94 in respectively. The inter-ventricular septum width was also changed with the presence of the diseases; however the myocardium thickening changes does not differ with different presentations of diseases. Changes are compensatory mechanisms that allow the right ventricle to maintain cardiac output [47] [48] . These scientific facts justify our findings. Tables 5-7 presented the significant difference between the variables which have been evaluated in patients with and without PE, PH and CTEPH. Right atrium, right ventricle, pulmonary trunk, right main pulmonary artery, left main pulmonary artery diameters measurements were changed significantly in both patients with PE and PH when compared with the norms. While in CTEPH all of the anatomical structures which have been evaluated including (heart segments, pulmonary tree) were differed significantly at p ≤ 0.05. Numerous studies have investigated the correlation between CT measurements of the pulmonary artery and the presence of PH. Overall, the measurement of the main pulmonary artery size by using CT shows a moderate to strong correlation with PH [40] . However, Moore et al. reported no correlation between main pulmonary artery size in patients with PH and chronic thromboembolic pulmonary hypertension (CTEPH) [49] . The presence of significant parenchymal lung disease, which can distort the great vessel anatomy, also appears to affect the correlation between PH and pulmonary artery size [27] . The significant difference that was noticed in the measurements done in both normal patients and patients with CTEPH give the evaluation of the pulmonary artery and its branches an important approach; because the pulmonary artery size was associated with unexpected death [50] .
In summary, although CT measurements of pulmonary artery dimensions have shown a correlation with the presence of PH, PE and CTEPH; the strength of the correlation is highly variable. Future studies could focus on specific disease and changes in the pulmonary artery size as a marker of prognosis, disease activity, and treatment response, rather than as an isolated measure. CT measures of pulmonary artery size are simple and can suggest a possible reason for dyspnea but it should be interpreted cautiously and not be used solely in either screening or guiding management in the patients with suspected PH or patients with PE and CTEPH. Our results suggest that right ventricle, right atrium dilation on CTPA may represent an additional marker of severe PE, PH and CTEPH and such patients should be considered as being at increased risk of adverse outcome. The current findings were reliable with Aran Singanayagam et al. (2010) scientific findings [51] .
Limitations: Firstly, the presence of artifacts during breath holds technique because it is difficult to be done regarding the patients complain as shortness in breathing and chest pain. Secondly, relying on simple measurement might only provide limited information. However, our study in different patients' diseases shows the value of uncomplicated measurements in axial CT images that are frequently performed as a first line examination. Third drawback was that our analysis involved relatively few patients and small sample size. Finally, using only the clinical features in diagnosing of PH without using another imaging or laboratory method; however a large set of data on various CT changes in different diseases were characterized.
Conclusion
Knowledge of the radiological features of PH, PE and CTEPH is mandatory for accurately diagnosing the condition and possibly will improve the outcome. Awareness of the various disease entities associated with PH and knowledge of the entire spectrum of their CT imaging features are essential. In the current study the pulmonary artery tree, cardiac segments and associated lung parenchyma findings have been evaluated and the added value of CT in prediction of estimating PH comparing with the normal control group was analyzed. It was found that CTA plays an important role in the diagnostic evaluation of patients with PH. CT imaging is acceptably used in establishing the diagnosis, defining the cause, quantifying heart segments and parenchyma changes in order to assess the feasibility of surgery, therapeutic planning and monitoring patients with PH.
